Background: Odisha, a populous state and a major mining belt in India has high levels of environmental carcinogens. There is no population-based cancer registry in Odisha, thus giving no opportunity to develop systematic studies on important regional carcinogens. This paper highlights current patterns of cancer as seen at Acharya Harihar Regional Cancer Centre (AHRCC), and provides the first opportunity to determine the most important research questions that could drive cancer control programs in Odisha.
Introduction
Cancer is the second most common fatal disease in India accounting for about 7% of annual deaths [1] . The number of prevalent cancer cases in India over 5 years is estimated to be around 2.3 millions with about 1.2 million new cases and 785 thousand deaths [2] . The total cancer burden in India is projected to increase substantially from about 1.2 million new cases in 2018 to more than 1.9 million by 2040 [3] . Recognizing the reported among gall bladder cancer patients in India [9] and this is probably due to the presence of dangerously high concentrations of such metals in drinking water. Hence, it is extremely important to understand cancer patterns in Odisha, and focus on etiological factors for some of the most important cancers in the region, which will help formulate practical cancer control methods.
The Asian Institute of Public Health (AIPH) [10] , situated in Odisha, has partnered with the Acharya Harihara Regional Cancer Centre (AHRCC) [11] , a tertiary care center established to provide care of cancer cases in the state, thus allowing an opportunity to begin accumulating data on the most important cancers in the region. The data collected may thus foster further research efforts leading to improved cancer control in the state.
This paper provides a description of the data collected in the first year of this initiative and highlights obvious opportunities for cancer control in Odisha.
Materials and Methods

Study setting
The study was initiated at AHRCC, Cuttack in Odisha state, India. AHRCC established in 1983 has a total of need for active cancer surveillance and cancer control activities in India, the Indian Council of Medical Research (ICMR) initiated the National Cancer Registry Programme (NCRP) with a network of cancer registries in 1981. The NCRP now comprises twenty seven Population-Based Cancer Registries (PBCRs) and seven Hospital-Based Cancer Registries (HBCRs). Published reports from these PBCRs and HBCRs have provided valuable information for setting priorities for cancer research and identified target sites -both anatomic and geographic -for cancer control measures [4] .
Cancer patterns in India vary widely across regions and have been well documented in the registries under the NCRP [5] . Odisha, with a large population of 41,947,358 has only recently been included under the NCRP with a Hospital-Based Registry (HBCR) (Figure 1 ) [6] . There is no existing published report on the status of cancer in the region. The state is in one of the largest mining belts in India, and its population is exposed to several mining products (asbestos, coal, cadmium, chromium, iron ore, nickel, quartz) [7] . Asbestos, cadmium, chromium and nickel have been designated as class 1 carcinogens to humans by the International Agency for Research on Cancer [8] . Higher concentrations of heavy metals (cadmium, chromium, and lead) have been 
Results
There were a total of 4811 patients (2108 males and 2703 females) admitted at AHRCC during the study period. The mean age of the population was 47.5 ± 15.5 years. At AHRCC, 6.8% (n = 325) of the population constituted patients aged ≤ 20 years.
Demographic characteristics of the studied population are described in Table 1. 260 beds. Being the only regional cancer center in the state, AHRCC covers all 30 districts of Odisha state and also parts of neighboring states of West Bengal, Bihar, Jharkhand, Chhattisgarh and Andhra Pradesh. AHRCC is also the seat for the HBCR which was recently set up in Odisha.
Study population and data source
This analysis included all patients' histopathology proven cancer diagnosis and admitted at AHRCC between January 1 st and December, 31 st 2012. AHRCC 2012 data was used to enable us to compare with the latest published 2012-2014 NCRP consolidated reports. Data were abstracted from medical records according to a protocol which identified 26 items deemed important for epidemiological studies. In-patient registers and admission registers, maintained by the medical records department of AHRCC, were used to identify cancer patients admitted to the hospital during the period. Patient data were extracted from inpatient records and investigation reports.
Physicians-in-charge of patients were also interviewed to ensure consistency of data. For oral cancer, we included all cancers involving buccal mucosa, tongue, gum and palate.
Data collection and variable information
Two well trained data entry operators systematically reviewed medical records of identified cases and collected information on socio-demographic status, district of residence, diagnosis and primary tumor site and tumor characteristics (coded according to the 10 th Revision of the International Classification of Diseases and Related Health Problems (ICD10) with the codes C00-C97) (ICD 10, 2010) [12] . All data were entered in an electronic database created on an epi-info platform (Epi Info™ CDC, 2018) [13] . Any data discrepancy was cross-checked with patient records for errors during entry. All patient personal identifiers were removed from data files to maintain patient confidentiality. Quality of data was assessed by screening one hundred randomly selected records every month. Duplicate cases were eliminated by cross-checking the in-patient ID number of each patient.
Statistical analysis
The overall 2012 yearly prevalence of cancer and site specific cancers were determined for each district in Odisha and were categorized according to demographic characteristics (age, sex, religion, district of residence and income). 2011 Odisha Census population data [14] were used as the denominator population. Statistical reports in this study include absolute number of site-specific cancer cases, crude proportions, Odisha district specific prevalence rates, commonest cancers and the overall demographic profile. All statistical analysis was done using the PC- Angul (n = 122) districts. Figure 2 shows prevalence of all cancers in Odisha districts per 100,000 populations and the districts with higher proportion of cancer cases in proximity to AHRCC.
Discussion
This study represents the first attempt to systematically collect data from mixed rural, urban, and mining areas of Odisha with environmental factors notably different from those where the NCRP PBCRs and HBCRs are currently based. Oral cancers were the commonest cancer among males in Odisha, the most prevalent sites being buccal mucosa and tongue. This is a likely finding, with oral cancers being consistently reported as one of the commonest male cancers all over India [5] . The high prevalence of oral cancer in India has been attributed to use of tobacco smoking or chewing) [15, 16] . Tobacco chewing in the form of betel quid referred to as pan and consisting of pieces of areca nut, processed or unprocessed tobacco, aqueous calcium hydroxide (slaked lime), and spices wrapped in the leaf of piper betel vine leaf, khaini and gutka is a common practice among males in Odisha. The general understanding about health threats associated with chewing and smoking is sparse among the younger population in Odisha, who
The most common cancers among males were oral (C01-C06 and C09), gastric (C16) and lung (C33-C34). Buccal mucosa (C03-C04) and the tongue (C01-C02) were the most common oral cancers constituting 45% and 38% of all oral cancers respectively. For females, among the most common locations of primary cancers were breast (C50), cervix (C53), ovary (C56), gastric (C16) and gall bladder (C23-C24) ( Table 2 ).
Hematological malignancies (acute lymphoblastic and myeloblastic leukaemia, chronic myelocytic and lymphocytic leukaemia (C91-C92), multiple myeloma (C90), Non-Hodgkin's lymphoma (C82-C85 and C96) and Hodgkin's lymphoma (C81) constituted 8.4% (n = 402) of cases. Non Hodgkin's lymphoma was the commonest haematological malignancy. The commonest cancers in the ≤ 20 year age group included acute lymphoblastic leukaemia (n = 60), Non-Hodgkin's lymphoma (n = 31), Hodgkin's lymphoma (n = 28) and brain tumours (C70-C72) (n = 23).
Most cancer cases at AHRCC were reported from Cuttack (n = 644), Baleswar (n = 330), Bhadrak (n = 281), Dhenkanal (n =181), Jagatsinghpur (n = 266), Jajapur (n = 377), Kendrapara (n = 347), Khordha (n = 387), Nayagarh (n = 153), Puri (n = 337), Kendujhar (n = 187) and Figure 2: Showing all cancer prevalence per 100,000 population in Odisha districts-districts closest to AHRCC, Cuttack has a higher prevalence compared to districts away from AHRCC. decreases in vaccine-type HPV infection prevalence and associated disease incidence after implementation of HPV vaccine public health programs. The studies report reduction of HPV infections by 86% among 18-to 24-year-olds who had received three vaccine doses and 76% for those who had received one or two doses [24, 25] . Hence, an affordable, safe vaccination program can also be implemented to impact incidence and mortality of cervical cancer in Odisha.
One of the most striking finding in our population was identification of gastric cancer as the second most common cancer among men. There are several potential reasons for the high prevalence of gastric cancer in Odisha. Though Helicobacter pylori (H. pylori) infection has been considered as one of the most important etiological factors for gastric cancer [26] , some epidemiological studies from India have failed to confirm the association [27] . The risk of H. pylori infection is directly related to overall sanitary conditions and contaminated water is often implicated as a possible mode of transmission in rural areas without reliable supplies of potable water [28] . A vast population attending AHRCC clinics come from rural areas and are therefore, likely to harbor H. pylori infection in their stomach. The infection by H. pylori may be prevented by interrupting transmission of the infection by promoting sanitary habits, good waste disposal, clean water supply and planned housing to minimize overcrowding [29] .
Other factors demonstrated as significant dietary risk factors for gastric cancer in various parts of India include pickled food, high rice intake, spicy food, excess chilly consumption, consumption of high-temperature foods, smoked dried salted meat, use of soda and consumption of dried salted fish [30] . Improved food hygiene and dietary intervention with increased fruit and vegetable intakes and decreased consumption of salt or salt-preserved foods may act as primary prevention measures to reduce risk of gastric cancer in the state [31] . Healthy policies aimed at gastric cancer control such as disseminating information on diet changes, and improving awareness may also help reducing gastric cancer prevalence in Odisha.
Elevated gastric cancer incidence rates have also been demonstrated in the coal mining populations [31] . Dietary practices and rich resource of coal mines in Odisha may account for such high prevalence of gastric cancer in the region which needs to be further explored. Effective interventions should also be designed and implemented for population working in coal-mining industries such as assessing interim markers of exposure which could be used as proxies for gastric cancer.
Another important cancer requiring attention further research in Odisha is gall bladder cancer. Studies show that incidence of gallbladder cancer parallels prevalence of gall stone disease with large and long-standing gall do not hesitate to pick up the habit [17] . Thus the state government should strictly implement legislative measures for tobacco control in Odisha with utmost urgency and advocacy. It is also essential that the government implement urgent cost-effective oral cancer screening and awareness initiatives in such high-risk populations. A recent study from India has convincingly demonstrated that oral cancer screening by trained health workers can lower mortality of the disease -especially in individuals with a history of tobacco use [18] . Training individuals on self examination of mouth can also be a simple and cost-effective strategy to increase community awareness for oral cancer in Odisha.
Despite the overall nationally declining trend of cervical cancer, the proportion of cervical cancer cases among females in Odisha was much higher compared to other registries [5] . The high prevalence of cervical cancer cases is most likely due to insufficient screening and lack of state-wide government-sponsored public health policies on prevention of cervical cancer by screening procedures. The human papilloma virus (HPV) test, available in private sectors is very expensive. Cytology screening for cervical cancer introduced in the Indian public health services since the 1970s could not be well established due to lack of laboratory infrastructure including trained personnel, such as cyto-technicians and pathologists and continuous quality assurance process [19] . It is therefore, important that an alternative simpler, less expensive and promising screening method such as visual inspection of the cervix after application with acetic acid (VIA) [20] be considered for cervical cancer prevention programs in Odisha. The advantage of VIA is that it can be implemented through primary health-care workers and does not require a laboratory infrastructure. Moreover, the results are obtained immediately following testing, allowing diagnosis and treatment to be implemented during the same visit [21] .
The high prevalence of cervical cancer in the state could also be attributed to lack of awareness about the disease and recent developments linking HPV to cervical cancer. A recent survey conducted in the year 2015 to assess community awareness of HPV screening and vaccination in Odisha showed that 22.4% of the surveyed population had heard of HPV and only 11.5% were aware that HPV caused cancer [22] . Community awareness and buy-in is critical for cervical cancer prevention [23] and it is important that aggressive public health campaigns be developed in the state to increase this awareness. Other public health measures such as health education, HPV vaccine, complimented with robust screening program at the state level will be essential to decrease cervical cancer prevalence in Odisha. Recent studies from Australia, one of the first countries to implement a fully government-funded, populationbased HPV vaccination program, have reported major There are several limitations to our study. The database created was based on AHRCC in-patient records only. Hence, patients treated on an out-patient basis or those who underwent primary surgical treatment at private clinics and other surgical units may have been missed leading to under-estimation of some site-specific cancer cases. Moreover, the majority of patients admitted at AHRCC came from the neighboring districts. Odisha is a large state with several private and district hospitals offering cancer treatment. Hence, data only from AHRCC may not truly represent the status of cancer in Odisha state. However, in the absence of an established population-based cancer registry in Odisha, data from AHRCC can be regarded as the best possible estimates of cancer prevalence in Odisha.
Despite its limitation, this study has highlighted the need for increased attention to some of the important cancers in the state. These data are particularly useful in regard to selecting and implementing high impact cancer control programs. Aggressive screening and tobacco control should be implemented for cervical and oral cancers. Analytical studies should be focused on gastric and gall bladder cancers to determine etiology and other associated causes for the high prevalence of these cancers in the state and allowing targeted public health programs specific for the region.
stones being associated with a higher risk of gallbladder cancer [32] . Gall stone disease has also been implicated as one of the most important risk factors for gall bladder cancer in northern India [33] . However, the importance of gall stone disease as a causal factor for gall bladder cancer in Odisha needs further investigation.
Epidemiological studies show significant association between aflatoxin exposure and gall bladder cancer [34, 35] . Aflatoxins, the toxic metabolites of Aspergillus flavus and Aspergillus parasiticus fungi, are naturally occurring contaminants of food and has been classified as a class 1 human carcinogen by the IARC [8] . Rice (Oryzae sativa L.) is the most important staple food crop in eastern India and bulk of rice is grown in kharif or wet season. Frequent and heavy rainfall and floods particularly near harvest in coastal areas of Odisha wet the crop and make panicles more prone to invasion by Aspergillus species and may likely attribute to rising proportion of gall bladder cancer cases in the state.
Environmental pollutants may also be implicated as important factor for gall bladder cancer in Odisha. Significant association of gall bladder cancer has been reported with the levels of heavy metals i.e. nickel, chromium and cadmium in the water [33, 36] . Proximity to coal industries and mining exposures [8] may be factors that need to be explored as possible causes associated with gall bladder cancer in Odisha. Better designed case-control studies or cohort studies looking at various heavy metals are required to establish them as causal factors for gall bladder cancer in Odisha.
Other prevalent cancers noted in Odisha were lung and breast cancers. Apart from well established risk factors for lung cancer such as tobacco, diet and outdoor air pollutants [37] , high prevalence of lung cancer in the region could be result of exposure to environmental contaminants associated with mining industries in the state [38, 39] . Breast cancers more commonly occurred among younger women aged ≤ 45 years. The rise in incidence of breast cancer at 0.5-2% per annum has been seen across all regions of India and in all age groups but more so in the younger age groups (< 45 years) [40, 41] . The high prevalence of breast cancers in Odisha could be associated with socio-economic and life-style changes such as late childbearing, dietary changes and associated changes in menstrual patterns.
Our study also noted that overall prevalence of cancer varied geographically across districts of Odisha with higher prevalence of cancers in districts which were in closer proximity to AHRCC. This discrepancy in prevalence could due to easier access to AHRCC for patients from the more proximal districts. It may be speculated that cancer patients may have been treated in other hospitals in districts away from AHRCC and could not be captured in the AHRCC database. Probable exclusion of such cases may have resulted in under-counting of overall cancer cases thereby attenuating the true population estimates in districts away from AHRCC.
